Abstract. Estimation of both the frequency and variation of spring oods is a key issue for the assessment and management of ood risks. Changes in river oods in Estonia, Latvia and Lithuania have been investigated in few national studies. However, there are no studies of the changes of ood patterns by using a common methodology for the rivers of this region. In this study ood pattern changes in the rivers of the Baltic countries were estimated applying trend and frequency analysis for the periods of 1922-2010, 1922-1960, 1961-2010 and 1991-2010, i.e. for the whole spring ood data sets, periods before and a er 1960 (this year was considered as the beginning of the remarkable climate change), as well as for the two past decades. A comparative study of ve probability distributions was performed in order to estimate which distribution at best represents statistical characteristics of the ood data. e results showed that maximum discharges of spring oods decreased over the whole studied period. Only some insigni cant positive trends of maximum discharges were found in the last time period in continental and transitional rivers. Generalized extreme value distribution provided the best approximation to the maximum discharge data series of the rivers of Baltic countries for the whole observation period.
For evaluation of the risk of ooding it is important to predict the time of its occurrence and magnitude of oods heights and also it is necessary to ensure the reliability of various hydro technical structures. is analysis should neither underestimate nor overestimate magnitude of such an event. At the same time climate change is expected to increase ood frequency and its magnitude through increased precipitation. Several studies showed that seasonality of changes varies with location: increases are strongest in the warm season in the USA; while in Europe changes are most notable in the cool season (Groisman et al. 2004; Haylock, Goodess 2004; Villarini et al. 2011) . Research in the Baltic countries showed that maximum discharge of spring oods tends to decrease in the most regions (Apsite et al. 2011; Kriauciuniene et al. 2012; Latkovska et al. 2012; Reihan et al. 2012) , however, there some questions may arise in the context of climate change: if trends observed in ood series continue in the future or if the historical data are quite good to represent the future ood events? 
FLOOD PATTERN CHANGES IN THE RIVERS OF THE BALTIC COUNTRIES
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Introduction
Flooding is the most pervasive natural hazard. According to EU Directive 2007/60/EC on the assessment and management of ood risks, oods have the potential to cause fatalities, displacement of people and damage to the environment, to severely compromise economic development and to undermine the economic activities of the Community. It is feasible and desirable to reduce the risk of adverse consequences, especially for human health and life, the environment, cultural heritage, economic activity and infrastructure associated with oods.
Recently, signi cant attention is paid to analysis of this very special hydrological regime phase. Since the 1990s extensive and repeated oods across Europe have been bringing a lot of damage and loss (Arduino et al. 2005; Barredo 2009; De Wrachien et al. 2011) . at shows failure of contemporary ood prevention approaches to control natural processes, despite the signi cant funding that is spent for ood prevention measures.
Many studies showed not clear increase of magnitude of ood events but what is promised that ood events can be more frequent. In the Northern Europe, Dankers and Feyen (2008) reported a considerable reduction of 10-40% in 100-year discharges in Finland, much decreases in northern Sweden and north-western Russia by the end of the century due to decrease in snow accumulation; however Lehner et al. (2006) evaluated that the 100-year oods in the same areas will occur more frequently by the 2070s.
To protect inundated areas and provide oods risk assessment the ood frequency analysis (FFA) is used as the most well-known procedure to ensure the reliable estimation of expected oods and their frequency. Main spring ood parameters, such as maximum discharge, ow duration, are usually used in FFA analysis. ese parameters have already been investigated in the Baltic States (Gailiusis et al. 2001; Dumbrauskas et al. 2008; Klavins et al. 2009, etc.) . e annual peak series with more than 50 observations for 40 streams in Estonia, Latvia and Lithuania were studied previously, however, there is no common procedure for the FFA in all these three countries and therefore the results of the same analysis can di er from one another. In Lithuania and in Latvia usually normal and Gumbel distribution laws were used to calculate the parameters, but Estonian hydrologists preferred logPearson type III distribution. erefore, choice of the distribution most suitable to the recorded sample series is important from these aspects. Gailiusis et al. (2001) calculated parameters of probability curve for the most of Lithuanian rivers. Recently, Sarauskiene and Kriauciuniene (2011) examined di erent probability distributions for spring ood frequency analysis in Lithuania for di erent periods with a focus on probability distribution tting to the actual data in spring ood time. eir studies showed that the log-Pearson type III and generalized extreme value distributions are the most suitable for the Lithuanian rivers. However, such analysis is not performed yet in Estonia and Latvia. e aim of this study is to analyse and to compare the patterns of spring ood data in the selected rivers from di erent hydrological regions in the Baltic countries applying trend analysis, calculating anomalies and estimating the best t of probability distribution for the selected periods.
Data
e Baltic countries are north-eastern region of Europe containing the countries of Estonia, Latvia, and Lithuania, on the eastern shores of the Baltic Sea. ese countries cover relatively small area, although hydro-meteorological di erences across the States are signi cant. e territory of the Baltic States is divided into nine hydrological regions (3 regions in each country) (Fig. 1a ) (according to Reihan et al. 2012 ). e regions of western Lithuania (W-LT), Latvia (W-LV) and Estonia (W-ES), the territory which is close to the Baltic Sea, belong to the marine climate zone and the main source of river feeding is precipitation. South-eastern Latvia (SE-LV) and Lithuania (SE-LT) together with eastern Estonia (E-ES) are the continental part of the Baltic States. e rivers of this territory have prevailing snowmelt and subsurface feeding and the annual discharge of these rivers is distributed rather equally. e patterns of the other hydrological regions (N-ES, C-LV and C-LT) of the Baltic States are of a more individual character (Fig. 1a) Fig. 1b ). e rivers were selected according to availability and quality of data, i.e. there were used long data series and the rivers that are una ected by signi cant upstream regulation. Average duration of observations was 83 years. e catchments of selected rivers at water gauging stations (WGS) have a di erent size (Table 2 ). e rivers were chosen so as to characterize the regime of the hydrological regions to which they belong. In order to evaluate ood frequency changes over time and to investigate climate change impact on spring ood events the analysis was made for di erent periods: 1922-2010, 1922-1960, 1961-2010 and 1991-2010 .
Methods
e calculation of trend statistics of spring ood data series was based on the nonparametric Mann-Kendall test (Gilbert 1987) .
is procedure (Mann-Kendall test) is used since missing values are allowed and the data do not need to conform any particular distribution. In this study the signi cance of trend was tested by using three di erent levels of signi cance: = 0.05, = 0.01 and = 0.001. ere are many probability distributions that are selected for ood projections in di erent countries all over the world. However, there is no one speci c universal distribution for modelling ood data. In addition, some later conclusions from the various analyses of outputs for both real and modelled data showed that by employing several alternative distributions to the time series for a catchment one can hardly get the same distribution for samples for another duration (Mitosek et al. 2006; Kidson, Richards 2005) .
In this study ve widely used probability distributions were suggested and compared. Gumbel (EV1), generalized extreme value (GEV), log-Pearson type III (LP3), three-parameter lognormal (LN3) and generalized logistic (GLO) ( Table 3) were selected for the analysis of statistical characteristics of observed ood data of the rivers in the Baltic States. 1960-2010 1955-2010 1922-2010 1925-2010 1922-2010 1928-2010 1922-2010 1922-2010 1925-2010 1926-2010 1925-2010 1922-2010 635  784  9390  8510  3220  1070  1100 1923-2010 1923-2010 1922-2010 1940-2010 1926-2010 1933-2010 1940-2010 Generalized extreme value and Gumbel distributions are extreme value distributions widely used for modelling of extreme or rare events such as extreme oods and snowfalls, high wind speeds, extreme temperatures. e Gumbel (EV1) distribution, also known as the extreme value type I distribution, is unbounded (de ned on the entire real axis). e generalized extreme value (GEV) distribution is a exible three-parameter model that combines the Gumbel, Fréchet and Weibull maximum extreme value distributions.
e log-Pearson type III (LP3) is mostly used for annual maximum oods. In the USA, it is a standard distribution for ood frequency analysis.
e generalized logistic (GLO) distribution is also found to perform pretty well for modelling oods in some countries.
e three-parameter lognormal (LN3) distribution is popular in the studies of the frequency analysis of oods as well.
Parameter estimation for the di erent probability distributions was performed using methods of L-moments (for EV1, GEV, GLO), moments (for LP3) and maximum likelihood (for LN3). Selection of the corresponding distribution was achieved through goodness-of-t comparison based on the Anderson-Darling test. Product of MathWave Technologies (EasyFit 5.4 with the built-in distribution viewer StatAssist) was used for probabilistic modelling of ood data of the selected rivers.
Results

Spring ood discharge anomalies
e main sources of spring oods in the Baltic rivers include accumulation of snow during wintertime, hard winters (indicated by sum of negative temperatures during winter), and intensive rainfalls that usually associated with increase of air temperature during the spring season. As far as the Baltic countries are situated in lowlands with extensive river network, the oods are one of the major sources of natural hazards. e ood impacts are aggravated due to location of major cities of the region either in the lowest reaches of biggest rivers or at rivers. Historically several major oods with high damages caused were recorded. Flood threat since 18th century initiated building of hydrotechnical structures to reduce ood risks and, especially, in the last century number of events of major oods has reduced (Table 4) ; however as factors a ecting ood recurrence also climate change and increase of urban areas can be mentioned. Previous studies (Jaagus 2006; Kriauciuniene et al. 2012) indicate positive air temperature anomalies throughout a year and higher precipitation amounts in the winter season in the recent 
-continuous scale parameter ( >0); -continuous location parameter decades in the territory of the Baltic countries. Signi cant changes in land use are also happening: urban areas are growing up; movement of people from rural to urban areas is obvious. Table 4 shows the numbers of spring oods with probability equal or less than 10% in the studied rivers.
e number of spring oods of the selected probability in the whole studied period comprised from 5 to 9. e comparison of two periods of the same length, 1922-1960 and 1961-1999 , showed signi cant decrease of the spring oods (of the selected probability); in 7 rivers no cases of such oods were recorded. e exception is two Lithuanian rivers of the marine type, the Minija and the Jura, where the number of the spring oods increased (to 5 cases in 1961-1999). In the last two decades a single spring ood or no oods with ≤10% probability occurred. e reason of ood decreasing could be warmer winters, smaller thickness and duration of snow cover in the last year period.
Decrease of spring ood discharges can be observed using other methods of analysis, like estimation of anomalies. Anomalies of annual maximum discharge data were calculated as a ratio, expressed by %, between the ood discharges of a particular year and the mean maximum spring discharge of the long-term period (Figs 2-4) .
Flood discharge anomalies in the continental rivers (Fig. 2) showed that annual maximum discharges have decreased from 1961. In the period of 1922-1960 there were many high positive anomalies (the greatest ood discharges in the studied period: in 1926 -284% in the Pedja, in 1931 -211% in the V.Emajogi, 172% in the Daugava and 195% in the Sventoji, in 1958 -276% in the Nemunas and in 1960 -276% in the Ahja). ese great anomalies were caused by exceptionally big oods in the period. From 1961 the amount of positive and negative anomalies was almost the same. In the last two decades the most spring ood maximum discharges were less than the mean value of the long term period.
Flood discharge anomalies in the marine rivers (Fig. 3) indicate more even distribution of maximum ood discharges than in continental rivers. A signi cant decrease of spring maximum discharges can be noticed from 1971 to 1975 that could be caused by the decreased precipitation amounts from the seventh decade . Only in the Minija the biggest ood was observed in 1994 (anomaly of 142%), whereas in other rivers the greatest positive anomalies calculated till 1970: in 1931 -241% in the Kasari and 153% in the Parnu, in 1951 -121% in the Venta, in 1968 -147% in the Jura.
In transitional rivers (Fig. 4) , like in marine rivers, much bigger than the average spring ood discharges were observed till 1970; the greatest oods also occurred in this period, whereas very low values of spring oods were recorded in 1971-1977 (possibly also due to the decreased precipitation amounts) and since then negative ood anomalies dominated. 1922 1927 1932 1937 1942 1947 1952 1957 1962 1967 1972 1977 1982 1987 1992 1997 1922 1927 1932 1937 1942 1947 1952 1957 1962 1967 1972 1977 1982 1987 1992 1997 [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] . e trend was considered as statistically signi cant at the 5% level if the test statistics was greater than 1.65 or less than 1.65. In the longest analysed period ) the studied ood discharge time series had negative trends, except in the Jura and the Minija, both marine type rivers and both with the smallest catchment area in this group. eir trends can di er from other results since in small watersheds in uence of local factors on the value of spring ood is more signi cant than other factors such as climate change for example. e Dubysa (transitional type river), where only poor insigni cant trend was detected, was also the exception from the general decreasing tendencies (Fig. 5) . Four (out of ve rivers that have measurements for this period) continental rivers showed trend at = 0.001 level, i.e. the detected trends were very signi cant. Trends of the same signi cance were found in two transitional rivers: the Keila and the Lielupe as well. e reason of such character of oods may be the fact that in all continental rivers the highest (or the second highest) oods occurred in 1931, i.e. in the beginning of the studied period, and later in most cases maximum ood discharges were getting less and less. In spring of 1931 Estonia su ered damaging oods, 2% of its land was under water (RPV USSR 1972). Table 4 (b) and Figure 3 can explain why the data of two marine rivers in Lithuania, the Minija and the Jura, do not have clear trend: they both had high spring oods (of probability ≤10%) before and a er 1961, moreover, the most spring ood discharge peaks were measured in the last four decades of 20th century.
e analysed above long-term period was split into two separate time slices : 1922-1960 and 1961-2010 . Analysis showed (Fig. 5 ) no signi cant trend (neither negative nor positive) in maximum ood discharges in 1922-1960, except for two transitional rivers: the Lielupe and the Salaca in Latvia, where Mann-Kendall test displayed signicant negative trends at α = 0.05 level. And since there is no trend in other rivers it can be concluded that in the studied river basins ood regime (as well as natural and anthropogenic factors that in uence it) was relatively stable in this time period.
Starting from 1961 (Fig. 5 ) the decreasing tendencies of ood discharges in the most of rivers were detected, however only in the continental type rivers: the Pedja, the Daugava and the Nemunas, and marine rivers: the Kasari, the Parnu and the Venta, changes were more pronounced and can be de ned as signi cant.
In the last 20-year period only two marine type rivers: the Kasari and the Venta had signi cant negative trends at = 0.05 level in the ood data sets (Fig. 5) . Also it should be mentioned that some opposite (positive) insigni cant trends were observed in the selected rivers of continental type, whereas for the studied group of transitional rivers no tendencies could be noticed. e recent study of temperature and precipitation changes in the Baltic States showed that in the last two decades in the eastern regions, i.e. continental part, amount of precipitation in winter increased the most. is precipitation increase together with higher temperatures in the whole region in this period could give such consequences -higher oods in the rivers of continental type, since more rainfall or snowmelt water reached the rivers. Fig. 5 . Trends (according to trend statistics) of annual maximum discharges of spring oods in rivers of di erent type (continental, marine and transitional) in 1922-2010, 1922-1960, 1961-2010 and 1991-2010 1922-2010 1922-1960 1961-2010 1991-2010 t r a n s i t i o n a l c o n t i n e n t a l m a r i n e -1.65
Flood frequency analysis
In order to assess the spring ood risk, the probability of this event has to be identi ed.
Annual maximum discharge (spring ood) data of the selected rivers have been tted to 5 probability distribution (PD) models. e aim of the goodness of t test is to measure the "distance" between the data and the tested distribution, and compare that distance to some threshold value. If the distance (the test statistic) is less than the threshold value (the critical value), the t is considered good. e critical values depend on the sample size and the signi cance level chosen (α = 0.05). e distribution with the lowest statistic value is considered as the best tting model. e PDs were ranked according to the results of Anderson-Darling (AD) test in order to nd out the dominant PD for all studied rivers. e best tting PD (i.e. the distribution with the lowest statistic value) received rank 1, whereas the worst got rank 6. e PD tting was accomplished for the same observation periods as the trend analysis (1922-2010, 1922-2060, 1961-2010 and 1991-2010) .
e tting of annual maxima series of di erent hydrological regions showed that ood distribution approximations di ered slightly (Table 5 ).
In the longest studied period (1922-2010) GEV distribution provided the best approximation to spring ood data in marine rivers, whereas in other studied rivers maximum discharges were mostly GEV or LP3 distributed. In Figure 6 visualisation of the probability distribution tting to the actual spring ood data of the whole observation period is presented; it shows the probability density functions of the distributions which best t to the spring ood data (the cases, where AD test statistics value was the lowest, i.e. less than 0.2).
In the period of 1922-1960 GEV and LP3 models showed the best (almost the same) correspondence to the ood data time series. e data sets a er 1960 seemed to be the most similar to GEV distribution patterns; the used goodness of t test gave very high ranks for this PD when tting continental and transitional rivers data. Maximum discharges were de nitely GEV distributed in marine, continental and transitional zone of the studied territory in the last two decades as well.
Performed analysis showed that GEV distribution provides the best approximation to spring ood data in all the Baltic countries for all observation periods; LP3 and LN3 were the next best tted PD; other models, GLO and EV1, were shown to perform poorly (Table 6 ). erefore GEV distribution can be employed to estimate the occurrence probability of a given ood event in the studied rivers. is may help a lot in accurate and safe design of bridges, embankments, dams and other hydro technical structures. 
Discussion
For the analysis of ood pattern changes a group of rivers was selected from each the Baltic State. Each river group consisted of rivers representing three hydrological regions: marine, continental and transitional. e aim was to nd out if there were any signi cant di erences concerning spring ood patterns among the rivers of the separate groups in di erent time periods. During the whole studied time period in the most of investigated rivers decrease of annual maximum spring ood discharges was observed. e greatest spring discharges were more frequent in the period of 1922-1960. e comparison of the periods of 1922-1960 and 1961-1999 showed signi cant decrease of spring oods; only in two Lithuanian rivers of the marine type, the Minija and the Jura, number of the spring oods increased. In the last two decades a single spring ood or no oods of ≤10% probability occurred.
Calculated ood discharge anomalies revealed a clear decrease of oods exceeding mean values since 1961 as well. Beginning from 1961 the amount of positive and negative anomalies was almost the same. e period of 1963-1977 was the driest period of the rivers runo for all regions of the Baltic countries; that might be the reason why a signi cant decrease of spring maximum discharges can be noticed from 1971 to 1975-1977 , since then negative ood anomalies dominated in the most of the studied rivers. e analysis of trend magnitude performed by Reihan et al. (2007) showed that the greatest amount of change of meteorological parameters occurred during the period of . During this period the average winter temperature raised by 3 °C and precipitation increase was 43 mm. ese climate changes in uenced a river discharge for the winter season. In such a way redistribution of spring runo occurred, i.e. spring oods tended to start earlier because of the warmer winters and earlier snowmelt, and they became smaller.
In the last two decades the most spring ood maximum discharges were less than the mean value of the long term period.
Detected negative trends in spring ood data for the period of 1961-2010 con rmed the described tendencies. Decrease of the maximal discharge level and reduction of extreme yearly discharges recently in the Baltic rivers was estimated by other studies (e.g. Reihan et al. 2012) as well.
Already mentioned marine rivers the Minija and the Jura deviated from the other studied rivers the most. Big oods in these rivers were recorded in both periods before and a er 1961; that may explain the absence of trends in the studied periods as well as in the whole period of 1922-2010. Catchments of these rivers are situated in Western Lithuania, this region is characterised by the highest amount of annual precipitation (735-810 mm) and exactly precipitation comprises the greatest part of a river feeding (53%) there. Moreover the catchments of the Minija and the Jura are small: the smaller a catchment, the shorter its response to changes of meteorological conditions is (Bagdziunaite-Litvinaite et al. 2011) .
Long spring ood data series enable to use it for ood frequency analysis and make projection of oods of a certain probability. e analysis demonstrated that oods in the selected rivers may be most o en represented by either GEV or LP3 distributions. ese probability distribution models may be used for estimation of the design oods in the rivers of the studied area, and these models are among the most commonly applied in many countries (Abida, Ellouze 2008; Gubareva 2011) as well.
e observed variability of spring ood discharges in time is de nitely climate driven, although the changing scale of urbanization plays signi cant role as well. Growing urban areas change in ltration capacities of water into the soil, consequently changing the runo patterns within river catchments. It is di cult to get accurate and reliable data on land use in the studied territory, but other studies (like eobald et al. 2009 ) show a signi cant impact of the land use changes on a maximum discharge formation. Other potential drivers of ood changes such as increased water use and deforestation (Preti et al. 2011) should not be forgotten as well. Combination of all these factors together makes estimation and prediction of ood events very complicated.
Conclusions
1. e performed analysis of big spring oods (probability of ≤10%), calculated anomalies and trend analysis of maximum annual discharges showed no signi cant di erences in spatial patterns among the di erent groups of rivers, but indicated obvious changes in their temporal behaviour, i.e. the decrease of spring oods in the studied rivers in the period of 1922-2010. 2. e performed probabilistic modelling of the ood discharge data and probability distribution tting revealed that generalized extreme value and log-Pearson type III distributions represent the most valid model for the studied river data.
3. e detected changes of spring ood maximum discharges over time are de nitely mainly climate driven.
